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FOREWORD

The accomplishments of Lieutenant Colonel John S. Billings, medical officer of the United
States Army, and Curator of the Army Medical Museum from 1883 to 1893, were many, but
none has provided us with a singular heritage comparable to the Museum’s collection of mic-
roscopes assembled principally through his persistent efforts.

The collection was begun in 1874 by Colonel Billings’ predecessor as Curator, Lieutenant
Colonel George A. Otis, also an Army medical officer, who acquired several historic mic-
roscopes from a Philadelphia instrument maker. It was Billings, however, who provided the
impetus for expansion of the collection that is unique in the world. Assigned to the Army
Surgeon General’s Office in Washington, D.C. in 1864 to organize medical records of the Union
Army, he was placed in charge of the Library of the Surgeon General’s Office in 1865, and dur-
ing the next thirty years endeavored to forge it into a national medical resource; he succeeded
beyond expectations and the outgrowth is the National Library of Medicine in Bethesda,
Maryland.

As Curator of the Army Medical Museum, he endeavored to create an institution of which the
Nation would be proud. Colonel Billings personally undertook the expansion of the collection
that now bears his name. While on a tour of Europe in search of historic medical items such as
microscopes and books, Colonel Billings engaged the services of John Mayall, Jr. of London,
England, a member of the Royal Microscopical Society and well-known collector of mic-
roscopes, to procure representative instruments to augment the collection. The first shipment
of seventeen instruments arrived from Mayall in October 1884, to be followed by eight scarce
models in 1886, and three rare Italian instruments in 1887; by 1888 Mayall had personally
selected and purchased 141 instruments for the collection. Meanwhile, Colonel Billings sear-
ched Europe for antiquated microscopes, and through display of these foreign models
stimulated collectors of early American instruments to contribute to the growing collection; un-
til his death in 1913, Colonel Billings maintained his interest and was personally responsible for
many of the noteworthy acquisitions.

Following the precedent established by Colonel Billings, his successors at the Museum added to
the collection at every opportunity. Today it embraces nearly seven hundred instruments in-
cluding microscopes used by Dr. Robert Koch, Dr. Rudolph Virchow, Lieutenant Colonel
Joseph J. Woodward, famed Museum photomicroscopist, those used by Major Walter Reed,
the conqueror of yellow fever, and the instrument made especially for the National Antarctic
Expedition of Robert F. Scott in 1901, to name only a few,

In the more than 100 years since the collection was begun by Colonel Otis, and catalyzed by
Colonel Billings, many individuals have been instrumental in assembling the collection as it ex-
ists today. For some it was a part of their assigned duties; businesses, organizations, colleges,
universities, and individuals contributed many of the instruments; and for others the knowledge
of the uniqueness of the collection prompted their support in various ways toward its growth.
In 1965, Dr. A.J.W. Kaas of Oude Niedorp, Holland, offered for purchase his outstanding per-
sonal collection of 90 microscopes dating from 1675 to 1865 to the Medical Museum. Dr. Kaas’
collection was acquired and made a part of the Billings Collection in 1966; they are pictured and
described in Part Il of this volume. Part 111 comprises instruments acquired since publication
of the First Edition in 1967.

We are indebted to Dr. Oscar W. Richards, Hon. F.R.M.S., Consultant on Microscopes to the
Medical Museum, AFIP, for his advice and guidance in the preparation of the manuscript, and



to all members of the Institute’s staff who assisted in so many ways in the preparation of the
First and Second Editions.

We are pleased to make particular mention of the work of Miss Helen R. Purtle, Museum
Specialist, who had a long and distinguished career on the staff of the Medical Museum priorto
her retirement in 1973. Miss Purtle, an expert on microscopes, particularly their history.
mechanical components, and their part in the advancement of medical and scientific
knowledge, was custodian of the Billings Microscope Collection. As Technical Editor of the
First Edition of this volume. she prepared the entire manuscripts comprising Parts land 11, and
prior to her retirement completed the manuscript for Part 111 of this Second Edition which com-
prises all microscopes acquired since the First Edition was published. Miss Purtle’s expertise
was a major factor in making the Collection the most comprehensive in the world today.

The Billings Microscope Collection herein described, therefore, is not simply a panorama of
mechanical ingenuity and precision workmanship, but an historical insight into the ad-
vancement of medical and scientific knowledge brought about by each improvement in
instrumentation; it is a fitting and enduring tribute to the foresight and determination of
Colonel Otis, Colonel Billings, and their successors.

JAMES L. HANSEN

Colonel, MC, U.S. Army

The Director

Armed Forces Institute of Pathology



PREFACE

This historic Billings Microscope Collection, the facts and figures, including references to the
makers, the types and models, dates, and the historical significance of specific accessories and
appurtenances, are as accurate as it is possible to ascertain from all available records. The
presence or lack of attractiveness of an instrument has not been permitted to interfere with the
true description of its component parts and its scientific capabilities.

This account is not a definitive work on the history of microscopes, nor on the improvementsin
instrumentation over the years from the late sixteenth century to the present; it is simply a des-
cription of a unique collection of microscopes. While the collection contains nearly seven hun-
dred instruments of many types, sizes, models, and by makers from many countries, there are
gaps that would not be encountered in any complete history of microscopes; major advancesin
instrumentation are, however, in almost all instances represented by a specific instrument or
ACCeSS0TY.

Itisto be noted that in catalogues, reference works, and publications pertaining to microscopes,
the manner in which pertinent words are spelled varies considerably. This is true with regard to
the instruments, their accessories, the makers, and the cities where they were made. In com-
piling the information where the instruments are signed or otherwise identified, the actual spell-
ing used by the maker is quoted. Inall other instances present day terminology isemployed for
the sake of uniformity.

The majority of the descriptions are accompanied by a photograph of the instrument being des-
cribed. Each photographic illustration is followed by a figure number, the name of the maker,
the city, state, and/or country where made, the type of microscope, i.e., compound, simple,
binocular, monocular or other, the year or approximate year of manufacture, the accession
number in the collection, and the photographic negative number. The figure number of each
photograph is repeated in the description of each illustrated instrument for ease of reference.

In instances where instruments are not illustrated, descriptions are preceded by the accession
number, name of the maker, the city, state, and/ or country where made, the type of microscope,
vear of manufacture, and the notation, “Not illustrated.” Where instruments are duplicates of
others in the collection, the corresponding figure or accession numbers are given for com-
parison purposes.

Covered in the descriptions are dimensions, special construction details, variations in lenses,
pillars, bases, limbs, arms, focusing, and stages, how signed, and accessories such as evepieces,
oculars, condensers, and objectives. Also part of the collection are several hundred additional
accessories not related to specific microscopes; these are not listed in the descriptions.

For ease of reference, instruments have been grouped according to date of manufacture in five
separate categories, compound monocular, compound binocular, electron, simple, and dissec-
ting microscopes; each group comprises one section of Part L.

In a number of instances where reproductions of early 17th century microscopes are pictured

and described, it will be noted that they have been placed according to the dates of the original
instruments, and not the dates when the reproductions were made; this avoids picturing these
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instruments along with 19th and 20th century models.

The instruments pictured and described in Part I1 comprise the collection of Dr. A.J.W. Kaas of
Oude Niedorp, Holland, acquired in 1966, and include a number of types not previously
represented in the collection, as well as many similar to those listed in Part I.

The instruments pictured and described in Part 111 comprise those acquired and accessioned to
the collection since the publication of the First Edition of this volume in June 1967. They also
include a number of types not previously represented in the collection, as well as instruments
similar to those listed in Parts 1 and 11.

It has been said that the history of medical science may be written in terms of the invention and
development of its instruments; the microscopes of the Billings Collection represent a
significant segment of medical instrument development of nearly four centuries. Without the
microscope it is not difficult to visualize medicine still existing within the realm of magicand the
witch doctor.

We of the Armed Forces Medical Museum are proud of this splendid collection. grateful to
those pioneer microscopists, generous donors, meticulous museologists and loyal staff workers
who have created and maintained it. All serious and casual students and groups interested in
understanding human and comparative pathology (disease) and who appreciate the scientific
tools which have made possible the fascinating story of progress in medicine, are welcome to see
this collection and many other outstanding medical exhibits on display in our public medical
museum.

JOSHUA E. HENDERSON

Colonel, VC, U.S. Army

Curator, Armed Forces Medical Museum
Armed Forces Institute of Pathology
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HISTORY OF THE MICROSCOPE
Helen R. Purtle, F.R.M.S.

The following article was prepared by Helen R. Purtle, formerly assistant
curator of the Armed Forces Medical Museum and Fellow of the Roval
Microscopical Society of Great Britain, and was published in “Eneyclopedia
of Microscopy and Microtechnique” by Van Nostrand Reinhold Company,
New York. This short history of the microscope is published here as a
supplement to the Billings Microscope Collection narration, prepared in its
entirety by Miss Purtle, but which is confined only to those instruments
actually comprising the Billings Collection.

A number of histories of the microscope have been written: some limited in scope to specific
geographic areas. others limited to scientific accomplishments in specific centuries.  This
history is based on an exhibit in the Medical Museum of the Armed Forces Institute of
Pathology- -*The Evolution of the Microscope™- - which depicts some 250 historic instruments
from the total collection of over 650. These instruments were selected for exhibit to show
progressive improvements in design from the late sixteenth to the mid-twentieth centuries.

The word microscope was coined in 1624 by a member of the first Academia dei Lincei.a group
of scientists that included Galileo, Cesi and Stelluti. Galileo. although better known for his
work with telescopes, is credited with being the first scientific user of the microscope. However,
Hans and Zaccharis Janssen of Middleburg. Holland constructed an instrument between 1590
and 1610 which is generally recognized as the first compound microscope. It was about 12
inches long and 2 inches in diameter, made of three tubes of tin and contained two lenses with
focusing accomplished by a sliding tube.

The earliest Italian compound microscopes are of the sliding tube and screw-barrel lorms, and
were developed in the late seventeenth century. Allof theextantexamples conform to the same
general appearance and optical structure.

Giuseppe Campani, born in Castel San Felice. Italy, in 1635, was noted for the perfection of his
lenses and he invented a special lathe for grinding and polishing them without the use of molds.
which he first introduced in 1664. He is credited with having been the first to construct the tield
lens from a design by Monconys, C. 1660, a form subsequently developed by Robert Hookein
1665.

In 1662 Campani made an ivory compound microscope on a silver support. the optical system
of which consisted of an ocular and an object-lens, without a field lens. His 1665small wooden
microscope with a brassstand, also without a field lens, which allowed transparent objectsto be
seen by directing the instrument toward the light, is considered to be the precursor of the pocket
microscopes (Fig. 3, Billings Collection). It was also the model from which the Wilson screw-
barrel and similar instruments were developed.

Histories of the microscope describe and illustrate the sliding-tube microscope using an
example in the collection of the Museo Copernicano in Rome attributed to Fustachio Divini, C.
1668. Divini was an optical instrument maker who established himself in Rome atabout 1646.



A replica of this microscope, made by John'Mayall of England from the original, is also in the
Billing's Collection. The socket-ring and feet are flat and made of tin, and the cardboard body
tubes are covered with gray paper. The lower tube slides within the socket-ring for adjustment
of the distance between the object-lens and the object. The ocular lens, enclosed in a metal
holder at the upper end of the body tube, consists of two plano-convex lenses with the convex
surfaces in contact.

William Homberg, a Dutch physician and scientist, constructed a microscope in 1715 which
utilized a tripod support and a sliding tube focusing mechanism.

Robert Hooke (1635-1703), London, England, introduced coarse and fine adjustments, devised
an illumination system, and used a stage for objects. His early instruments utilized a ball and
socket joint at the base of the vertical pillarto allow inclination of the body tube. This was later
replaced (1665) by a simpler method in an instrument made for him by Christopher Cock ( Fig.
4, Billings Collection). Hooke also introduced a field lens. His “Micrographia: or Some
Physiological Descriptions of Minute Bodies Made by Magnifying Glasses with Observations
and Inquiries Thereupon” was published in London in 1665, and was printed by Jo. Martyn and
Ja. Allestry, printers to the Royal Society. This was the earliest work devoted to microscopical
observations. It included the first reference to cells which were seen in cork when examined
under a plano-convex lens.

Hooke placed a lens at the lower end of the body tube to the bottom of which the objective was
attached; this was later (see Clay & Court, p. 21} found in a microscope made by Culpeper for
Yarwell and adopted by Benjamin Martin about 1759. The objective consisted of a double-
convex lens of very short focal length, mounted in a cell with a pin-hole diaphragm close to the
lens. The ocular consisted of a large field glass and an eye lens with acup to control the distance
of the eye from the lens.

Malpighi of ltaly, the discoverer of the anatomy of tissues and the creator of microscopic
anatomy, was one of the first biological scientists to use the microscope. He discovered the
existence of capillaries in the lungs of frogs in 1661 and he described blood corpuscles in 1665.
An instrument in the Billings Collectionappears identical to one described by Clay and Court as
possibly Malpighi’s own microscope made by Divini (Fig. 6, Billings Collection). The body is
bell-shaped and is made of dark wood. The stand consists of a ring fitted with three brass, flat,
bent legs and the nose is brass and screws for focusing. There is no adjustment for distance
between the lenses. The objective is a biconvex lens 7/ 16-inch in diameter, and the 1-3/8-inch
field lens is plano-convex. The eve lens consists of two biconvex lenses, the lower-1-1/ 16 inches
in diameter and the upper 3/4-inch in diameter. John Mayall said that this instrument was
constructed after 1665 by Divini as it has a field lens, and that the upper ocular lens probably
was experimental.

Antoni van Leeuwenhoek of Leyden, Holland (1632-1723), one of the greatest early
microbiologists, discovered protozoa and bacteria with microscopes he himself made and
lenses he ground. In his instrument of 1673 the lens is mounted between two thin brass plates.
His instruments were extremely simple and generally poorly finished, but the lenses were of
excellent quality. As he used his microscopes for examining only one or two objects, the
number he made was quite large, and it is estimated that at his death, there were over 550
microscopes. Of these, only nine are known to still be in existence. The Billings Microscope
Collection does not have an original. Johan Joosten van Musschenbroek (1660-1707), a
famous instrument maker of Leyden, Holland, made two different models of simple
microscopes which were widely imitated. The first form had the objective mounted in a turned
cell, pushed tightly on one end of an arm, Hinged to the arm by a ball and socket joint was a
second jointed arm for the objects. Accessories included a number of rods of various patterns to
which objects of different kinds could be affixed. His second form resembled a fairly
complicated compass microscope. Each instrument had six convex lenses, and those with the
first form were for low power. Musschenbroek marked his instruments with a small oriental
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lamp and crossed keys.

A beautifully engraved French simple hand microscope made in 1686 by Depovilly consists of a
single lens mounted between two thin brass plates hinged at the bottom, with focusing
accomplished by a thin brass wheel containing eight lenses at the top of the instrument.

John Marshall of England, one of the great opticians of the latter part of the 17th century,
introduced a bull’s-eye condenser in an adjustable ring mount below the object holder.
Focusing is achieved by a coarse adjustment attached to the upright support arm. The
instrument may be tilted on a ball and socket joint after the design of Hooke.

Edmund Culpeper (1660-1740), a maker of mathematical instruments in London, constructed
his first microscope C. 1720. He designed the three-pillar microscope which was produced in
three forms: flat woodenstage, flat brassstage, and recessed brass stage. Fixation ol the mirror
in the optical axis was one of hisinnovations. Thearrangement of the three pillars is peculiar to
Culpeper, the upper tier being supported by the stage and not in line with the lower tier. He also
made a screw-barrel instrument about 1720, which had been invented many vears earlier and
was greatly improved by James Wilson in 1702, whose modifications of the optical system
popularized the screw-barrel and resulted in the association of his name with the instrument.

Modifications of Culpeper’s instrument have been attributed to Edward Scarlett (1677-1743),
London, such as a box base with a drawer for accessories and the use of long supporting
columns instead of the alternating tiers of Culpeper.

Most of the Culpeper models were made with cardboard drawtubes, but some (1790) were
supplied with brass bodies which made possible the use of a rack and pinion for focusing,

Continued popularity of the Culpeper model following the development and improvements of
the Cull instrument is somewhat surprising from the scientific point of view. It is likely that
most of the later Culpepers were for use by the leisured classes for the amusement of their
guests. Science was fashionable and this was an attractive scientific instrument which anvone
could easily operate.

John Cull (1708-1772) of London introduced a newly designed stage in the form of a cross to
allow free access in contrast to the obstruction offered by the three pillars of Culpeper. Coarse
adjustment was by a sliding bracket on the vertical pillar: fine adjustment was by a screw
working in the rectangular block on top of the pillar. He also fitted a Lieberkuhn to a sleeve
which slipped over the objective cone. The Cuff model was copied by most makers for almost
100 years.

Nairne and Blunt of London, C. 1760, made a Cuff-type chest microscope. an important
development in the hinged inclining pillar. Henry Pyefinch. also of London, madea Cuff-type
after 1750 with a screw focusing fine adjustment, a system described by Johannis Hevelius in
1673 and reintroduced by Cuff in 1744,

Benjamin Martin (1704-1782) of LLondon produced cabinets of optical instruments which
usually included a telescope. screw-barrel microscope, and a solar microscope. He later
introduced improvements in lens svstems and focusing mechanisms,

Benjamin Martin of LLondon was a scientific lecturer before becoming an instrument maker in
1738. He produced several types of instruments and contributed improvements in both the
optical and mechanical systems. He adopted the “between-lens™ at the top of the nosepicce
(originally introduced in the Culpeper-Yarwell microscope) which served as a back lens for the
objectives. He replaced the Hevelius clamp and screw focusing with a rack and pinion.

The drum microscope was popularized by Martin who often included one in his cabinets of
optical instruments. Nicolai Bion of Nuremberg had first described the drumbase in 1717, The
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round base with its cut-out side later evolved into the horseshoe base of modern times.

A box microscope utilizing a Cuff model was probably made by George Brander of Augsburg
about 1769. It could be used for opaque objects with direct lighting or for transparent objects
with light reflected from a mirror within the box. in which case the condenser would be
positioned beneath the stage.

L. F. Dellebarre, Levden, Holland, made a variety of microscopes. His™Universal™ (1777) was
very popular in France (Fig. 29, Billings Collection). The ocular contained four biconvex
lenses which could be used in pairs or altogether. Magnifications from 230 to 1.170 diameters
were attainable. Focusing was by rack and pinion.

George Adams of London introduced his “Variable™ microscope in 1771, Inclination was
controlled by a large toothed wheel which was turned by a pinion. The objectives were
constructed so that one could be screwed onto another to provide a compound objective lens. It
could be used as a simple microscope by replacing the compound body tube with any of the
simple lenses and Leiberkuhns (An illuminating mirror introduced m [73% by Johann
Nathaniel lieberkuhn and named after him, which permits observation of objects under
reflected light) which he supplied.

Henry Shuttleworth of London constructed a microscope in 1787 after the design of Martin,
with a hinged mounting of the substage condenser which permitted it to be moved out of the
optical axis. This type of mounting had been introduced by John Bleuler of London about
1780. In 1810 he made an instrument similar to the Adams” and Jones® models but did not
include the “aquatic” movement feature. By removal of the body tube, it could be used as a
simple microscope.

Earlier, John Bleuler made an instrument with the evepiece equipped with a third biconvex
lens, a feature which appeared several years later in Adams’ *Universal.”

In 1790 Dollond of London made a Cuff-type. introducing some features previously used by
Martin and Adams, with a circular plate over the stage which was perforated with varying size
holes to control the amount of light.

Dollond also made a solar microscope about 1790 with a movable mirror.a Cuff innovation of
1744, to permit the body to remain stationary. The solar microscope, a development from the
camera obscura, utilized sunlight to project a magnified image onto a screen. This was used
both for study and entertainment. Most microscope makers produced them from the early 18th
century to the mid-19th century.

The business of George Adams of London was carried on by W. and S. Jones after 1795: they
produced the “Jones Most Improved Microscope™ in 1798. It is considered the final
development of Cuff’s original instrument. It brought into one microscope all the desirable
features and improvements made prior to this time. Of particular importance was the
positioning of the joint near the center of gravity.

The compass microscope derived its name from the draftsman’s tool that it resembles. The
compass joint usually carried a rod to which could be attached forceps, live-box, or other means
of holding the object to be viewed. T. Harris and Son of London made such an instrument in
1820 and later most other makers produced them.

Jeremiah Sisson of London constructed a pocket (portable) microscope in 1776 after the design
of Dr. Demainbray, tutor to the Prince of Wales (later George 111). with the objective lenses on a
sliding bar and the prepared objects on a revolving disc.

At the beginning of the 19th century, chromatic and spherical aberration were unsolved
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problems which prevented clear, undistorted microscopic images. |he lenses being used were
little better than those found today in inexpensive toy microscopes. Unsuccessful attempts at
correction with various lens combinations and diaphragms had been made by opticians and
instrument makers for almost a century. *Achromatic™ microscopes were produced but it was
nearly 1850 before achromatic lens systems were generally accepted.

[n 1825 Vincent Chevalier of Paris made the “Microscope Achromatique Perfectionne™ (Fig.
55, Billings Collection). He and his son were leading opticians who contributed greatly to the
development of achromatic lenses. A revolving disc of diaphragms beneath the stage was a
Chevalier innovation, later adopted by most makers. Charles Chevalier of Paris brought out
his “Microscope Universal Achromatique™ in 1834, furnished with reflecting objectives,
condensers and polarizers. The first instrument maker of the Chevalier family was Louis-
Vincent Chevalier (1734-1804) who established a shop in 1765 in Paris. His third son. Vincent
Chevalier (1770-1841) became one of the foremost makers of microscopes in the 19th century.
Vincent Chevalier’s son, Charles Chevalier (1804-1859) carried on the tradition of the family.

Jean-Gabriel-Augustin Chevallier of France (1778-1848) may have been related to Vincent and
Charles Chevalier but was from another branch of the family. Trained in making optical
instruments by his maternal grandfather, Francois Trochon. he inherited the business in 1796 in
Paris and became well known for his optical inventions. Hesigned his instruments *1 "ingenicur
Chevallier” and for many years his firm continued producing optical instruments under his
name.

In 1825 S. J. Rienks of Friesland, Germany, made a reflecting microscope with concave and
convex mirrors in place of objective lenses. The knowledge that a curved mirror. and that a
mirror did not have chromatic aberration, led to popularity of the reflecting microscope for a
number of years.

After 1820 Dollond made a simple microscope usinga “Wollaston doublet,” two plano-convex
lenses in closeapproximation. This wasanearly attemptatachromatism. Hisinstrument had a
movable stage, the position of which was controlled by a screw on each side.

Giovanni Amici (1784-1863) of Modena, ltaly, produced both reflecting and achromatic
instruments.  His achromatic horizontal microscope of 1827 employed an extremely fine
micrometer to control movements of the stage.

Amicialso made an achromatic instrument about 1833 with a prism which permitted horizontal
positioning of the ocular while the stage and objective remained upright. It could also be used
as a simple microscope.

John Cuthbert, an English telescope maker, produced a microscope in 1827 which could be
used as a reflecting microscope. or, by attaching the achromatic objective lens disc, asa dioptric
instrument. A slender tube above the stage contained an elliptic mirror which reflected an
enlarged image to the ocular. A series ol interchangeable tubes provided a range of
magnification.

Dollond made a microscope after 1835, much along the lines popularized by Andrew Pritchard
of London, although basically the old Jones design. The pillar telescoped to adjust the height of
the instrument and a fine micrometer controlled the mechanical stage.

Froment of Paris constructed a horizontal microscope about 1839, probably in competition
with the Chevaliers. Its workmanship was superior but probably its high cost prevented its

SUCCESS.

A drum microscope made by Georges Oberhauser of Paris before 1840 could be used in a
vertical or horizontal position. By attaching the extra tube as a handle it could also be used asa
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demonstration microscope: focusing was by drawtube.

Simon Plossl (1794-1868), an optician and the first maker of microscopes in Vienna, made an
instrument before 1840. He used an antiquated type of fine adjustment until the late 1860's. A
lever projecting beneath the stage controlled positioning of the condenser. One of his
instruments, believed to have been used by Virchow, the father of modern pathology.isin the
Billings Collection (Fig. 122).

In 1840 Andrew Pritchard of London made an instrument without a fine adjustment which
could not be inclined. One side of the mirror was white plaster for white cloud illumination by
sunlight.

Andrew Ross of London made a microscope about 1840 with fine adjustment by a short lever
arm controlled by a milled wheel on top of the compass joint. The loosely mounted nosepicce
was held in an extended position by an internally located spiral spring, to permitit to telescope
into the body tube thereby preventing damage to the object being examined, should the body
tube be accidentally moved too far downward.

A dissecting microscope by Georges Oberhauser of Paris after 1840, called “microscope a
tambour a dissection,” was copied by many makers with modifications mostly in the substage
mechanism. It was equipped with a separate simple dissecting microscope.

A microscope of about 1841 by an unknown maker was a modification of an Oberhauser form
originally introduced in the 1830%s. Earlier models had a rotating stage and a fine adjustment.
neither of which appeared on this instrument. Coarse adjustment was by rack and pinion. A
second rack and pinion, attached to an inner drawtube that houses the ocular. provided
variable magnification (a pancratic ocular).

In 1841 Andrew Ross of London came out with a radical change in construction. The Ross
stand. two well-supported, connected pillars. suspended the mstrument near its center of
gravity, It had a 90° range of inclination.

In 1848 Oberhauser introduced the horseshow base, evolved from the drum. which s in general
use today.

Before 1848, Powell and Lealand of London constructed a microscope after a design by
Cornelius Varley with the fine adjustment mounted on the lower end of the body tube which
functioned through a spring-mounted nosepiece. There was a lever action mechanical stage. It
was designated the “iron” microscope and was intended as an economical student model.

Invention of the inverted microscope is credited to Professor Lawrence Smith of the University
of Louisiana. New Orleans. A “chemical™ microscope was made in 1850 by C.S. Nachet and
Son of Paris. The elder Nachet had worked with the Chevaliers before establishing his own
business in 1839,

James Smith, the founding father of the present day firm of Beck and Beck, London. began
constructing microscopes in his own shop in 1829, Richard Beck was apprenticed to Smith
about 1843 and in 1847 formed the partnership of Smith and Beck. Joseph, brother of Richard.
joined the firm in 1857 and the name was changed to Smith, Beck and Beck. In 1869, Smith
retired and the firm then became R. and J. Beck. Conrad Beck, son of Joseph, and William. son
of Richard, joined the firm which then became known as Beck and Beck.

Smith and Beck made a student model about 1850, A milled wheel behind the vertical post
activated a short lever arm that controlled the fine adjustment. A revolving Brooke’s double
nosepiece facilitated the changing of objectives.

In 1867-68, R.&J. Beck made a binocular with the racks and pinions at the upper ends ot the
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body tubes to control adjustment for interpupillary distance. Fine adjustment was by a short
lever arm that acted on the nosepiece. Substage equipment included an iris diaphragm and a
holder for a condenser.

Beck also made an “economic” model which was popular from [875 to 1892, An 878 model
had the glass stage held in place by friction from a milled-head spring mounted at the base of the
limb, which was easily moved in any direction on the polished stage surface.

The drum microscope enjoyed a popularity for more than 100 years. Over 70 vearsafter Martin
introduced it, Fraunhofer adopted and stabilized the pattern; Oberhauser, Lerebours and
Hartnack perpetuated it. An 1850 model was quite similar in appearance to those of Martin’s
day. Refinements included a fine adjustment and a substage disc of diaphragms. Moreau ol
Paris introduced a functional compound “monkey”™ microscope in 1850,

About 1860 Nachet of Paris made a horizontal microscope, a type of demonstration or class
instrument, with rack and pinion coarse adjustment. Theeyepiece consisted of a single eye lens
and the field lens. He also made an Oberhauser-type vertical demonstration instrument, one of
which was used at the School of Medicine in Paris. In 1879 he made a binocular instrument in
which each body tube prism box unit moved toward or away from the other to adjust to the
user’s interpupillary distance. a forerunner ot the mechanism in modern instruments.

Charles Baker of London made a portable microscope about 1860 which was used in the Army
Medical Museum’s laboratories in Washington from the late 1860's to 1884 when it was placed
on exhibit. It had a sliding coarse adjustment and a milled-head screw fine adjustment.

The main feature of a “Harley™ model made after 1865 by Charles Collins of London was the
sliding prism box which was designed by Dr. G. Harley of London. Itcontained both a Nicol
and a Wenham prism and permitted the instrument to be used as either a binocular, a
monocular or a polarizing microscope.

Dr. Carl Zeiss (1816-1888) founded a business in Jena, Germany, and began making
microscopes in 1847, Today the Zeiss firm produces some of the world’s finest instruments.

Pere Cherubin [2’Orleans of France introduced in 1677 the first binocular microscope with two
eyepieces and two objectives: there was no coarse adjustment, and focusing was achieved by
moving the stage nearer to or further from the objective. the forerunner of the stage focusing
used extensively during the 18th century and still used on metalurgical microscopes. J. L.
Riddell of the University of Louisiana, New Orleans, was the first to discover (1851)and publish
(1854) the optical principle (Two prisms placed behind the objective so that the light from the
objective was split and deflected up the two parallel eyepiece tubes) on which depends all the
really satisfactory binocular microscopes made prior to 1879, He was also the inventor of two
efficient methods of applying that principle - - one suitable for the simple or dissccting
microscope - - the other for the compound. J. and W. Grunow, New Haven, Connecticut.
constructed a binocular instrument for Riddell in 1853,

No history of the microscope would be complete without specific mention of the
accomplishments of the American microscope builders.  One of the first American
microscopes, made in 1850 by C. A.and H. R. Spencer of Canastota, New York and modeled
after the Pritchard-type of instrument, is in the Billings Collection (Fig. 92).

Charles A. Spencer (1813-81) of Canastota, New York, published a trade circular in 1838
advertising reflecting lens microscopes and telescopes and a second list in 840 adding
compound, achromatic microscopes. By 1850 he was using {luorite and his own improved
optical glass to make objectives of greater resolving power. Some of Spencer’s objectives
received a Gold Medal at the 1878 Paris Exhibition. Spencer’s business was destroyed by fire in
1873, In 1875 he and his son Herbert joined the Geneva Optical Worksand reestablished their
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own business in 1877. After Charles” death, the business was continued by Herbert.

Herbert R. Spencer (1849-1900) established his own firm in 1880 at Geneva, New York. In 1889
he formed the H. R. Spencer Optical Company in Cleveland, Ohio. He and Fred R, Smith
formed the Spencer and Smith Optical Company in Buffalo, New York in I891. In 1895 a
group of businessmen in Buffalo bought the Spencer and Smith Optical Company to establish
the Spencer Lens Company. Herbert continued as superintendent until his death. In 1935 the
American Optical Company purchased the Spencer Lens Company. and in 1945 changed the
name to American Optical Company, Instrument Division. Spencer lensesearned a reputation
at home and abroad; some experts considered them superior to any European product.

Robert B. Tolles (1821-83) became an apprentice to Spencerin 1843, He and Spencercorrected
spherical aberration from the cover glass by using a ring to move the center lenselements of the
immersion objective. He established his own business in Canastota, New York in 1858, The
Boston Optical Works was established in 1867 with Tolles as superintendent. He made
objectives with two fronts; one for use in air and the other for immersion. Tolles published the
optical designs to prove that his lenses were of the high aperture (N.A. [.25) stated.

Franz Miller, a workman for Tolles, established his business in 1867 in New York City, changed
his name to Frank and was joined by his brother William about 1870. They made microscopes
and objectives until 1899. Frank. Jr. was included in 1892,

The Bausch and Lomb Optical Company started in 1853, and a microscope department was
added in 1876. Edward Bausch took over the department in 1877. His interest and
understanding of production methods soon made available larger numbers of microscopes,
more practical in size and construction than the massive models being produced in the United
St